Liver diseases with disturbances of hepatic and splanchnic circulation lead to the portal hypertension, with or without a portal vein thrombosis. Objective This study was based on the testing of hypothesis that more data and more precise diagnosis in patients with disorders of portal circulation can be obtained by using color Doppler ultrasonography (CDU) and computed tomography (CT) with contrast. Methods The study was conducted from February 2011 to May 2014 and it comprised 120 patients who were suspected to have portal hypertension or already had clinical confirmation of the portal hypertension, patients with hepatitis, and some patients with hematological diseases. The first group of 40 patients was examined by conventional ultrasonography and CDU, the second group by contrast CT, and the third group of patients was examined by both methods (CDU and contrast CT). After six months of adequate therapy, the patients had control examinations with the same diagnostic technique used during their first examination. Results Retrospective analysis showed that CDU is more sensitive than CT in the assessment of presence and age of thrombi (CDU 93.9%; CT 86.1%). CT gives precise data in detection of portosystemic collaterals. Sensitivity of CT is 100% and its specificity is 67%. Cumulative sensitivity and specificity for most parameters were increased in patients with portal hypertension when both methods were applied. Conclusion This study emphasizes the possibility of early and more accurate diagnosis achieved when combining two radiological techniques (CDU and contrast CT scan), which is not the case when these methods are used separately.
INTRODUCTION
A hepatic circulation supplies blood to the liver parenchyma through the portal vein and the hepatic artery. The blood-supplying hepatic vessels are separated and independent. Only at the level of the liver acinus, as the functional unit, there is communication with hepatic veins and drain circulation system. In terms of understanding hemodynamic changes in portal-portal and portal-systemic circulation, it is very important to know this anatomical characteristic and its varieties. [1] . Portal hypertension occurs as a result of morphological changes at the level of parenchyma, which leads to increased resistance and pressure in the portal venous system. The most common causes of portal hypertension are diffused histopathological changes in liver parenchyma, vascular processes of the hepatic vein, decompensation of the right heart, etc. The specific etiological entities that cause portal hypertension include Budd-Chiari and Cruveilhier-Baumgarten syndrome. Increased vascular resistance in the portal circulation may occur at prehepatic, intrahepatic, and posthepatic levels [1] [2] [3] . Clinical diagnosis of portal hypertension is based on anamnesis, laboratory analysis, and endoscopy [4] . In daily practice it is necessary to introduce radiological non-invasive diagnostic techniques [ultrasonography (US), color Doppler ultrasonography (CDU), computed tomography (CT) with contrast administration, or magnetic resonance imaging (MRI)]. Invasive diagnostic techniques such as conventional or digital angiography with direct or indirect presentation of the portal vein are also used. Invasive diagnostic techniques have been suppressed by the development of non-invasive diagnostic techniques, i.e. CDU, CT, and MRI, which are now used for definitive determination of pathological changes of the liver and the portal circulation. The main advantage of CDU is its possibility to determine the morphologic and hemodynamic parameters which are classified as qualitative, quantitative, and semi quantitative [5] . These parameters allow us to determine the presence and direction of flow in it and in its feeding branches, as well as in collaterals developed due to the portal hypertension.
Some of the signs of portal hypertension are the following: increased portal vein diameter (more than 13 mm), portal vein thrombosis (Figures 1 and 2) , the presence and the detection of portosystemic collaterals. Increased diameter of the perigastric collaterals that exceeds 6-7 mm is a highly sensitive sign of portal hypertension; however, it is very rare and is seen in approximately 26% of patients with liver cirrhosis [6] [7] [8] [9] [10] . CT with contrast administration is a highly sophisticated diagnostic technique for displaying portal circulation. The advantage of CT scan compared with CDU is its high sensitivity and specificity in showing morphologic changes -both distal and proximal from location of the portal vein thrombosis, as well as existence of collaterals. X-ray radiation, iodine contrast agent and inability to determine the speed and direction of flow through blood vessels make CT inferior to CDU. MRI is used in situations when radiologist estimates that CDU and contrast CT scan data are insufficient for evaluation, or when there is a discrepancy in the findings of the previously mentioned techniques.
This study provides original contribution to the field of radiology in our region as it points to the possibility of early and accurate diagnosis when using combined radiological techniques (CDU and contrast CT scan), which is not the case when using these techniques separately.
OBJECTIVE
This study was based on the testing of hypothesis that more data and more precise diagnosis in patients with disorders of portal circulation can be obtained by using CDU and CT with contrast. CDU was used as it shows hemodynamic parameters for early detection of portal hypertension, while CT with contrast was used as it is a technique that provides accurate data on morphological changes, especially in the detection of collateral network and any obstruction caused by thrombosis. With adequate selection of diagnostic and therapeutic algorithm, and with sophisticated choice of patients, what is achieved by combining CDU and contrast CT is that patients are not exposed to the unnecessary radiation. It has been found that the cumulative sensitivity and specificity of the tested parameters is greater, which justifies the combination of these diagnostic techniques. A relatively small number of articles have been published regarding this topic.
METHODS
The study was designed as a prospective study that comprised 120 patients with liver disease and with high suspicion of portal hypertension. The study included patients who had a clinical diagnosis of liver cirrhosis, hepatitis, portal vein thrombosis, liver tumor, and/or splenomegaly caused by liver disease. The most frequent complications of portal hypertension were bleeding from gastroesophageal varices and ascites in patients with cirrhosis. Patients were divided into three equal groups comprising 40 patients each:
Group 1 -patients examined only by US and CDU; Group 2 -patients examined only by contrast CT scan, and Group 3 -patients examined using both CDU and CT. All three groups had control examinations after six months of therapy and were examined by the same diagnostic technique used during their initial examination. The main inclusion criterion was clinical diagnosis of portal hypertension. The main exclusion criteria were low level of suspicion of portal hypertension, patients with renal insufficiency, and patients under the age of 30.
For statistical analysis we used Statistical Package for Social Sciences software -SPSS 21 for Windows (IBM Corp., Armonk, NY, USA). The analysis used standard methods of descriptive and differential statistics. Numerical characteristics are shown by mean values (arithmetic mean) and a measure of variability (range of values, standard deviation) and attributive characteristics by using frequencies and percentages. Comparison of numerical values of characteristics between the groups was performed using Student's t-test; statistically significant values are considered to be at the level of p < 0.05. The results are presented in tables.
RESULTS
At the C enter of Radiology, Clinical Center of Vojvodina, Novi Sad, Serbia, during a period of three years patients with symptoms of gastrointestinal disease and/or biliary tract disease and patients with hematological symptoms were examined using conventional ultrasonography with CDU on Logiq 7 (GE Healthcare, Chicago, IL, USA) machine with a 3.5 MHz probe, and with multislice computed tomography using SOMATOM Sensation Cardiac 64 (Siemens Healthcare GmbH, Erlangen, Germany). A greater number of males were included in the study, i.e. there were 86 (71.7%) males and 34 (28.3%) females. The age of the patients is presented in Table 1 . Percentage of patients with the diagnosis of liver cirrhosis amounted to 63.3%, of which 95% was of alcoholic etiology, while the remaining 5% of patients were with biliary, cryptogenic, and immunogenic cirrhosis ( Table 2) .
At the first examination, in the first group of patients diagnosed using CDU, the average value of the diameter of the portal vein was 12.73 mm, and at the control examination after six months the average lumen width was 12.05 mm. There was a statistically significant difference in the values of measurements (t = 2.859, p < 0.01). The results of CDU parameters are presented in Table 1 . At the first examination, the average flow rate through the portal vein was 0.18 m/s, and at the control examination after six months it was 0.21 m/s. There was a statistically significant difference in the values of measurements (t = -3.269, p < 0.01). An important parameter in the assessment of portal hypertension is certainly a "congestion index" (CI) of the portal vein. The "congestion index" is used to mean the ratio between the cross-sectional area (cm 2 ) and the blood flow velocity (cm/s) of the portal vein, as determined by a CDU [11] . It is used for identification of the initial state of portal hypertension. CI values (cm × s) at the first examination and at the control examination after six months were displayed as increased CI (Table 3) .
At the first examination, in the second group of patients examined only by contrast CT scan, the average value of the diameter of the portal vein was 14.21 mm, and at the control examination after six months the average lumen width was 12.75 mm. There was a statistically significant difference in the values of measurements (t = 3.121, p < 0.01). The parameters in surveying by contrast CT scan are presented in Table 3 .
The third group of patients was examined by using both techniques, i.e. CDU and contrast CT, and the parameters are presented in Table 4 . The average value of the diameter of the portal vein at the first examination was 12.65 mm when done by CDU and 13.42 mm when done by CT. At the control examination after six months the average lumen width was 12.57 mm when done by CDU and 13.17 mm when done by CT. There was a statistically significant difference in the measurement of the average diameter of the portal vein at the first examination between the values determined by the CDU and CT (t = -2.215, p < 0.05). No significant difference in diameter measured by CDU and CT (t = -1.220, p > 0.05) was observed at the control examination (Table 4) .
DISCUSSION
Lumen width of the portal vein was checked in patients who underwent only the CDU examination. The results from this study are consistent with the results of Haag et al. [12] . In a group of 375 patients with liver cirrhosis, who were examined by CDU, Haag et al. [12] found that 112 (30%) patients had expanded lumen of the portal vein, as was found to be the case in our study as well. Our research showed that the sensitivity of CDU in the measurement of the width of the lumen was 85.7% and specificity 97.1%. Lim et al. [13] found that portal vein thrombosis is the most common cause of portal prehepatic hypertension. The authors state that idiopathic thrombosis is rare, but that it is always a complication of other diseases and syndromes. The three causes of thrombosis of the portal vein identified in our study, ordered in their frequency of occurrence, are as follows: liver cirrhosis, hepatocellular carcinoma, and Budd-Chiari syndrome. Since the mid-80s of the 20th century, several studies have been published regarding the functional measurement of portal flow velocity [14] [15] [16] . In our study, after the first CDU examination, 32 (80%) patients were found to have decreased flow due to portal hypertension determined by standardized clinical protocols according to Child-Pugh classification [17] . At the control examination after six months, a reduced flow rate was found in 25 (62.5%) patients. This improvement of the flow rate (80% vs. 62.5%) can be explained by a good therapeutic response of the patients to the treatment. Similar data in the literature have not been found. An inverse or hepatofugal flow is one of the indicators of the portal hypertension, which may be registered in some or all of the segmental veins. Our research showed that at the first and at the control CDU examination hepatofugal flow was diagnosed in 2 (5%) patients. Survey data are approximate to the results of the study conducted by Gaiani et al. [18] , where out of 228 patients, 68 (3%) had hepatofugal flow. Portosystemic shunt can be seen in 80-90% of patients with portal hypertension [19] [20] [21] . Most often, the CDU could register flow in dilated umbilical vein, in gastroesophageal and splenorenal collaterals, as well as in mesenteric collaterals, which are very rare [22] [23] [24] [25] [26] . In our study, in both examinations, CDU showed low sensitivity of 6.7%, while specificity was 100%. The sensitivity of CDU was low, as most of the patients were inadequately prepared, i.e. they were meteoristic and/or had large ascites, which made visualization of organs difficult, particularly the presence of portosystemic collaterals. The duration of the hemodynamic disturbances affects the value of the CI as the pathological changes in vein progress, unless the adequate therapeutic treatment is applied [27] . In a study of 64 liver cirrhosis patients conducted by Moriyasu et al. [27] sensitivity was 55%. Sensitivity recorded in our study was 47.1%, which is slightly lower when compared to the results of Moriyasu et al. [11] . This difference is most likely due to the fact that the patients had varying degrees of damage of the liver parenchyma and variously developed portosystemic collaterals, which could affect differences in flow rate and thus the CI. In portal hypertension the flow is slow and complete loss of oscillation is observed, the curve is not respiratory dependent [28] . Results from our study correlate with the research of Safak et al. [29] , which showed that 70% of patients did not have the respiratorydependent flow. This stipulated fact indicates that ultrasound is a primary diagnostic technique in determination of the diameter of lienal vein in patients with portal hypertension. Sensitivity of this study was 80% and specificity was 93.3%. Splenomegaly is a common finding in patients with portal hypertension. Ultrasonography has high sensitivity (92%) and specificity (100%) in case of splenomegaly, as determined in our research, which correlates with the literature, which quotes similar results, i.e. sensitivity 95% and specificity 98% [30] . A combination of the two diagnostic techniques (CDU and contrast CT scan) gives more precise information on the morphology and hemodynamic changes in patients with portal hypertension, which is not the case when these techniques are used separately. In Group 3, in patients examined by CDU and CT, the diameter of the portal vein showed that the cumulative sensitivity was 93.3% and the specificity was 100%. Furthermore, sensitivity and specificity for the presence of thrombus in the portal vein and splenomegaly was 100%. In measuring the width of lienal vein lumen, the cumulative sensitivity was 71.5% and specificity was 100%. The study previously mentioned intra-and extrahepatic portosystemic collateral in patients with portal hypertension [31, 32] . In determination of portosystemic collaterals, we found that cumulative sensitivity of CDU and CT was 41.9% and specificity was 100%. Low cumulative sensitivity of both techniques in the diagnosis of portosystemic collaterals can be explained by low sensitivity of CDU, which directly affects cumulative value and is caused by the previously mentioned reasons regarding difficult visualization by CDU (due to presence of gas, ascites, etc.). Similar data was stated by Nelson et al. [33] in their study of 64 patients, where they had a good correlation in diagnosing esophageal varices found in 68% of the patients, while the percentage of patients with splenic and spleno-renal varices was significantly lower and was found in 22% of the patients. 
CONCLUSION
The advantage of CDU is possibility to determine the morphologic and hemodynamic parameters. These parameters allow us to determine the presence and direction of flow. CT with contrast administration is highly sophisticated diagnostic technique in the detection of morphologic changes like collateral network and any obstruction caused by thrombosis. X-ray radiation, iodine contrast agent, and inability to determine the speed and direction of flow through the blood vessels make CT inferior to CDU. A cumulative sensitivity and specificity in most parameters (diameter of the portal vein, the presence of thrombus in the portal vein, lienal vein diameter, anterior-posterior diameter of the liver and spleen) was higher than when these techniques are used separately, except for determination of portosystemic collaterals (sensitivity of CDU and contrast CT scan was 41.9%, and specificity of both techniques was 100%) in patients with portal hypertension. This study emphasizes the possibility of early and accurate diagnosis when combining two radiological methods (CDU and contrast CT scan), which is not the case when these methods are used separately.
